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(57) [Abstract] 

[Objective] This invention in silicon crystal and its manufectur 
ing method which are superior in device characteristicwhidi is 
rq)resented in oxidized film voltagp resistance characteristic 
after device theraial processing ^^ch is produced bythe 
Czochralski method re^ds 

[Constitution] Regarding to this invention in order to achieve 
above-mentioned object,among method which produce sihcon 
single crystal with Czochralski method , said siliccm single 
crystalwhich is being produced reg3rding to method which 
gradual coohng it doeswith a certain crystal tenperature region, 
it designates tenperature viiere cooling rate with the said 
gradual cooling temperature region becomes minimum as inside 
tenperature region of 850 °C to 1 200 °C. cooling rate with 
temperature region of preferably and T +/- 100 °C is 
designated asthe 1 .0 ^C per minute or less. In addition, siliom 
single crystal which is produced with method of fliis 
in ventionthe A mode ^jproval rate of oxide fikn voltage 
resistance seems that is under 3 %cQncemingthel wafer, it isa 
silicon single crystal ^^^€]:e oxide fibn voltage resistance is 
superior. 



[Gaines)] 



[Qaiml] When sihcon single crystal is produced with Czochral 
ski method , said sihcon single crystal wdiich is bein^oduced 
regarding to method which gradual cooling is done with a 
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ceitainciTStal tenperature region, inanuf^^ of 
silicon single crystal which designates that tenperature 
wherethe cooling rate with said gradual cooling tenperature 
region becomes nrinimum is inside tenperature region of 
the850 °C to 1200 X as feature. 

[aaim2] When tenperature where cooling rate with graduaic 
ooling tenperature region becomes minimum in 
themanufecturing method of sihcon single crystal wiiich is 
stated in Qaim 1 , is designated as theT °C, manufecturing 
method of sihcon single crystal which designates that cooling 
rate with thetenperature region of T+/- 100 °C is 1.0 °Cper 
minute (H* less as feature. 

[QaimS] Being a silicon single crystal which is produced with 
method which is stated in theQaim 1 or 2 being, Si water \3p0r 
atmosphere with 1000 XI 10 min,Li nitrogen atmosphere 
with 1200 °C 42 Omin,h dry oxygpn atmosphere with 900 
°C 7 0 min , thenml processing which consists of 4 step which 
in water v^r atmosphere is made flielSO min with 1000 °C 
to add, thainally oxidized film was removed with dilute 
hydrofluoric acid solution rear, tq) layer aluminum, bottom 
layer to have consists of polycrystaUine silicon which doped is 
done the2 layers g^te electrode of surfece area 20 mm2 which, 
It nwunts in sihcon wafer which cuts MOS diode of large number 
wiiere the insulating oxidized film thickness is 25.0 nm fi-om 
said sihcon single crystal, irrparting doing direct current voltage 
of polarity where large number carrier is filled fi"omthe substrate 
sihcon in each MOS diode, when you sppraise voltage resistance 
characteristic of insulating oxidized film ofthe aforementioned 
waf^ with voltage ranping method in, , When current density 
which flows throu^ oxidized fihn is 1 |jA/cm2, ratiofor total 
number of number of MOS diode where even electric field 
\viuchdq)ends on said oxidized film shows below 4.0M V/cm 
sihcon single crystal where voltage resistance characteristicof 
insulating oxidized film which designates that it is under 3 % 
concemingflie 1 wafer as feature is superior. 



[0001] 

. cz^mti) i3j:yaii*tifcjfe»s^bMoi5}aEt# 
It (JUT. mtmmjsE.tmi>) i3ftss*iST/<>f;^i#it 



[0002] 



[Description of the Invention] 
[0001] 

[Field of hdustrial AppUcation] This invention regards sihcon si 
ngle crystal and its manufecturing method which are superior in 
thedevice characteristic which is represented in voltage 
resistance characteristic (Below , it names oxide fihn voltage 
resistance. )ofuisulating oxidized fihn whidiisproduced by 
Czochralski method (Below ,itnames CZmethod. ) . 

[0002] 

[Prior Art] CZ sihcon smgle crystal because or odior^ere ays 
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tal intensity is hi^ it has possessedthe feature which is superior, 
is used widely as material for theLSI from until recently 
However, as for oxide film voltagp resistance of silicon single 
crystal, it is informed, that itdiffers largely by fundamental 
diflferenceof manufecturing method oxide film voltagp 
resistance of theCZ siUcon single crystal is low considerably in 
comparison with that of wafo* wiiichtfae silicon thin fibn 
epitaxial growth is done on silicon single crystal and CZ silicon 
wafer which arqnxxiuced by floating zone method. But, it 
became place \^ere reliability improvement of g^te oxide fihn 
isstrongly desired attendant upon increase of MOS device degree 
of integration of recentyears, as for oxide fihn voltage 
resistance because it is a one of iirportant material 
characteristicwhich decides reliability, production technology 
development of CZ silicon single crystal wiiere the oxide fibn 
voltagp resistance is superior was attached importance. 

[0003] Regarding to method which produces silicon single cryst 
al of diameter 100 mm or greater with theCZ method in J^>an 
Unexamined Patent PubUcation Hd 2 - 267 1 95 number as 
manufiicturing method of CZ silicon single crystal where oxide 
film voltage resistancewhen you sqjpraise with wafer not adding 
heat treatment is superior, themethod which designates that it 
designates crystal g^)wth rate as below 0.8 mm/irnn as feature is 
disclosed. But, because with this method productivity is bad, it 
was not a practical. 

[0004] In addition, with Patent 1742752 number, 3 hours or m 
ore flying tenperature drop tothe 900 **C fxm 1 1 0 0 **C 
of siUcon single crystal wiiich is you being pulled up itexecutes 
temperature control method which it does slowly, niethod 
>^chdecreases oxygen precipitate density with semiconductor 
device step is shown, but concerning device characteristicwhich 
is represented in oxide fihn voltage resistance it has not 
referred conpletely. 

[0005] hi addition, as manufecturing method of CZ silicon singl 
e crystal where oxide fihn voltage resistance whai youappraise 
with wafer vAdch does not add heat treatment is superior, 
withthe Jq>an Unexamined Patent Pubhcation Hei 5 - 70283 
number, wien producing siUcon single crystal, , method of 
thekind of pulling up where tenpOTture region which becomes 
1 1 50 °C or hi^er of thesilicon single crystal wdiich grows 
becomes 280 mm or greater in sihcon melt upward direction. 
Namely temperature region which is limited in 1 150 °C or 
higher is proposed puUingup method which gradual cooling is 
done, but as mentioned later, as for the these inventors oxide 
fihn voltage resistance as for temperature region which gradual 
cooling it should you do, thefict that it is not a tempoature 
region of 1 1 50 °C or hi^er was discovered in order toimprove. 
In addition, as occurrence of stacking &ult is controled 
regarding the Jqm Unexamined Patent PubUcation Hei 5- 
9096 numbo:, inethod which oystal production rate fixnn 0.8 
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mm/wm limits theoxide film voltage resistance wiien you 
appraise with wafer ^diich does not add heat treatment inthe 1.1 
mm^min making use of temperature control mechanism which is 
in order to make cooling rateof crystal slow and with &ct that 
it inproves as object, islimited is proposed. This way 
irnprovement method of convmtional oxide film voltagp 
resistance is sometfiing Mvdiich islimited when you ^jpraise with 
wafer wiiich none adds heat treatment, althe same tiitK 
tenperature region which is 1150 °C or hi^er and is limited 
gradual cooling itdoes, only method which produces crystal with 
production rate which isusing tenperature control mechanism 
\\iiich or is and is limited is limited it existed. 

[0006] Therefore, temperature region of 1 150 °C or higher in 
production process of siUcon single crystal gradual coolingit did 
not do, in addition did not hmit gradual cooling tenperature 
region, fiirthermore themethod which produces CZ siUcon single 
crystal whaie oxide film voltage resistance which does not 
limitthe crystal production rate is superior was needed, but that 
kind ofmethod did not existuntil recently. In addition, method 
which produces CZ siUcon single crystal where oxide film 
voltage resistance >\dienyDu appraise with wafer which adds heat 
treatment which is close to the actual device step is superior was 
needed, but that kind ofmethod did not existuntil recently. 

[0007] As for voltage resistance characteristic of insulating oxid 
izedfilm, top layo* aluminum and bottom layer hasthe 2 
layers g3te electrode which consists of polycrystalline silicon 
vMch doped is done, theelectrode surfece area is 20 mm2, it 
mounts MOS diode where insulating oxidized film thickness is 
25.0 runin entire surfece on sihcon wafer, flying doing direct 
current voltage of polaritywhere large nuiiiber carrio- is filled 
fi*om substrate siUcon in each MOS diode, it is^praised by 
voltage ramping method. When current density >^ch flows 
through oxidized film is 1 fxA/cm2, evenelectric field \^ch 
depends on said oxidized film as for region below 4.0M V/cm , 
iscalled A mode region, oxide film voltagp resistance crystal 
defect (Below , it names pressure resistance degrading fiictor. ) 
w^ch deteriorates exists inthe crystal, at same time size of this 
crystal defect quite is large, itis a region where oxide film 
voltage resistance considerably shows &ct that it 
hasdeteriorated. With conventional CZ siUcon crystal, hi 
water v^xir atnwsphere in 1000 °C 1 10 rriin to add. After 
adding thermal processing (Below , device thermal processing 
you caU) wiiich is close to actual device step that in the dry 
oxygen atmosphere at same time removes thermally oxidized 
film with dilute hydrofluoric acid solution including thethermal 
processing wdiich consists of 4 step of 1000 °C 13 0 min in 
water vapor atmosphere inaddition to 900 X 7 0-minute, in 
nitrogen atmoq)here in addition to 1 200 °C 42 0-minute, as 
forthe oxide fibn voltage resistance (oxide film voltage 
resistance below and after device thermal processing you caU), 
ratio for total number of number of MOS diode whichthe 
insulation breakdown is done, 5 to 1 5 % is high with A mode 
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region concerning thel wafer. Hierefore, it is a CZ silicon 
crystal where kind of CZ silicon single crystal >A^ere ratio forthe 
nmtiber of MOS diode wbich insulation breakdown is done is 
under 3 % issuperior oxide film voltagp resistance with A mode 
region after device thermal processing. 
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[0008] 

[Problems to be Solved by the hivention] Therefore, this inven 
tion is something which desigaates that CZ silicon crystalwhich 
is siq)erior in device characteristic \^ch is represented in oxide 
film voltage resistance afterthe method and device thennal 
processing which produce CZ sihcon crystal vMch is superior 
intfae device characteristic ^ch is rq)resented in oxide fibn 
voltage resistance after device thermal processing is offeredas 
object 

[0009] 

[Means to Solve the Problems] hi order to achieving above-me 
ntioned objective, regarding to the this invention, among 
method vsiich produce sihcon single crystal witii CZ method, 
thesaid sihcon single crystal wiiich is being produced regarding to 
method which gradual coolingit does with a certain crystal 
temperature region, it tries to have temperature (Below ,most 
gradual cooling tenperature you call) where thecoohng rate with 
said gradual cooling tenperature region becomes mininGum 
inside temperature region of 850 °C to 1200 °C( this 
invention method (1)). Furthermore oxide film voltage 
resistance after device thermal processing in order to improve, 
cooling ratewith temperature region of T +/- 100 ®C is 
designated as 1.0 ^C per minute or less, (this invention method 
(2)). 

[0010] In wafer wliich is cut &om said sihcon single crystal with 
this invention method (1) or (2) device thermal processing 
toadd, top layer aluminum , bottom layer to have consists of 
polycrystalline sihcon which doped is done the2 layers gpte 
electrode of surfece area 20 nim2 which, It can mount MOS 
diode of large numba* where insulating oxidized film thickness 
is 25.0 imi, the^lying doing direct current voltage of polarity 
\^iiere largp nuniitber carrier is filled fixxm the substrate sihcon in 
each MOS diode, vAoi you ^>praise voltage resistance 
characteristic of insulating oxidized fihnof theaforementioned 
wafe with voltage ramping method in, A mode ratio, it can 
producethe CZ sihcon single crystal w^iich possesses satisfectory 
kind of oxidized film voltagp resistance characteristic which 
isunder3 %concaiiing 1 wafer. 

[0011] 

[Work or Operations of the Mvention] Below, making use of fi 
gure and chart while you explainconceming this invention. 
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[0012] Figure 1 vJhca ^jpraising oxide film voltage resistance o 
f silicon single crystal which is producedwith condition of this 
invention, is cross section of MOS diode vMch ismounted on 
silicon wafer, silicon oxide membrane 2 is formed on silicon 
wafer 1, top layer thealuminum3 and bottomlayer 2 layers 
gate electrode 5 of diameter S mm^ch consists of 
polycrystalline silicon 4>^ch doped is done are formed on Aat. 



[0 0 13] *«MO^fefrT'SJigLfcvgzi>^iep^B 



[00 1 3] Next, evaluating means reg3rding oxide film voltage resi 
stance in silicon single crystal which is producedwith condition 
of this invention is e?q)lained with Table 1 , Table 1 is chart 
vAddi shows production step of MOS diode which isproduced in 
order to measure oxide fihn voltage resistance. 



[00 14] 



[0014] 
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[0015] CZ silicon ingot slice to do, l^ing , Such as polishing , 
Passing by process which are necessary in order to produce 
conventional siUcon waferin industrially it acquires to wafer 
which, hi nitrogen atiriosphere at sarnetiine after renioving 
thermally oxidized film with dilute hydrofluoric acid solution 
including thermal processing which consists of 4 step of 1000 
°C 13 Oiiiin in the steam atmosphere in addition to 900 '^C? 
Omin,, you wash said waferin dry oxygen atmosphere 
inadditionto 1200°C420min,in steam atmosphere in 
addition to 1000 °C 1 10 min, and (l),doing gate oxidation , 
you form silicon oxide memhrane and (2), accumulating 
polycrystalline silicon memhrane,(3), ion implantation doing in 
this polycrystalline silicon, doped you do, (6). oxidation (5) of 
oxidation precleaning (4) and polycrystalline silicon is 
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prqjrocessing of ion inplantation (6). Next, it does anneal 
precleaning (7), drive anneal does and to solid solution 
converts thedopant in polyci:>stalline silicon and (8), etching it 
rOTDves polycr>^talline silicon mentene and (9), thevapor 
dqx)sition it does aluminimi and forms aluminum layer ( 1 0). 
Next, coating doing positive resist film in order to mount 2 
layers gate electrode of the diameter 5 ram with lithography 
(1 1) , patterning after doing, etching it does the aluminum 
membrane and (12), etching doing polycrystalline sihcon 
mmihrane, (13), it removes resist fflm (14). sihcon / silioxi 
oxide menihrane interfece after being stabilized, (15), flying 
resist fihnto surfeceand, with hydrogen anneal , it protects 
MOS diode and (16), it removes theback sur£kce polycrystalline 
sihcon membrane with plasma etching (17). Re-^lying resist 
film for protection to surfece, (18), it removes the back surfece 
oxidized fihnwith etching and (19), in case of p-type gpld, in 
caseof n-type v^r dqKsition doing gold * antimony alloy, it 
forms back surfece electrode (20). Lastly, after removing resist 
film for protection, oxide fihn voltage resistance is^jpraised 
(21), v^th voltage ranging method (22). It is a method which 
voltage ranping method, applying does direct currmt voltage 
of thqx)larity where largq number carrier is filled from substrate 
sihcon in Figure 1, with thealiiininum layer 3 and back surfece 
electrode, increases in step voltagp vis-a-vis time. With this 
invention, voltage increase per 1 stq? of said voltagp ranping 
method 0.25MV/cm andthe retention time were designated as 
200 ms / sXep wifli electric field conversion. 

[0016] In addition, it executes with this invention, in nitrogen 
atmosphere treatmentwiiich at same time removes thermally 
oxidized fihn with dilute hydrofluoric acid solution including 
thethermal processing which consists of 4 step of 1000 °C 13 
Ominin waterv^ratn:K)sphereinadditionto900°C7 0 
min, is treatment which is close to thetreatment vAnch is 
executed with actual device step in dry oxygen atmosphere in 
addition tothe 1200 °C 42 0 min, in water v^xjr atmosphere 
in addition to 1000 °C 1 10 min. 

[0017] As for these inventors, as for cooling condition of vario 
us crystal and resultof investigating formation of oxyg^ 
precipitate in detail, feet (hatit is next kind of relationship 
during formation of cooling condition andthe oxygpn 
precipitate was discovered. Nan^ly, intrinsic point defect 
wWchwith soUdificationinterfece vicinity exists with thermal 
equihbrium concentration in thesihcon production process due 
to CZ method, with sohdification is taken in inside crystal,with 
cooling crystal becomes supersaturated state. As for point 
defect which has become supersaturated concentration altfaou^ 
itdecreases, because coohng rate of crystal is &st, increases 
supersaturationof point defect with outward direction scattering 
to crystal sur&ce and slope scattering to thesohdification 
intedk^e. Cooling advances, when it exceeds critical value 
which has supersaturation of thqx}int defect with 1080 °C 
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vicinity, point defect starts fomiing agglomerate, oxygen 
precipitate forms with agglomerate as nucleus. On one hand, 
immediately before starting cohesion, intensity it doesthe 
siqjersaturated point defect with hi^ ten^jerature side ai^„ 
anti- elimination hqjpens, concentrationdecreases. Decrease 
of this concentration decreasing cohesion onset temperature of 
point defect,namely fomiation start tonperature of oxygen 
precipitate, you control growth of oxygpn precipitate,the size 
of oxygen precipitate decrease. With these mechanism , with 
crystal which receives annealing of 850 °C to 1080 °Cof 
tenperature or Iowa* where point defect starts cohesion, 
cohesion of point defectadvances, density of oxygen 
precipitate decreases considerably in comparisonwith crystal 
which does not receive this annealing. Jn addition, with crystal 
which receives anneahng with 1080 °C to 1200 
^Cimmediately before point defect cohesion onset 
temperature anti- eliirrination of thepoint defect advances, 
oxygen precipitate size becomes small considerably in 
comparisQQwith oystal which does not receive this annealing. 

[0018] On one hand, when device heat treatmeot is added, elim 
ination it does oxygen precipitatewhere with 1000 °C of first 
step size is small due to heat treatment easily. Vis-a-vis that, 
oxyg^ precipitate vsdiere size is large grows with theheat 
treatment offirst step ehmination do, conversely, size after 
growing during crystal producing does not dq)endon size of 
oxygen precipitate which was formed, in each case large 
hasbecome considerable, crystal defect wdiich becomes cause of 
A mode deficiency of oxide fikn voltage resistance after the 
device heat treatmait eliirrination does not do with first step 
heat treatment, oxyg^ precipitate whichgrew has become 
origin, ratio of A nixie of oxide film voltage resistance after 
the device heat treatment is decided with density of oxygen 
precq)itate vMch ronains with theheat treatment of first step. 
Therefore, as for crystal M^iich receives gradual cooling of 850 
°C to 1080 °Cwdiich is in midst of crystal producing oxide 
film voltage resistance after device heat trealmentinproves 
with decrease of oxygen precipitate density, as for crystal 
\\iiichreceives heat treatment of 1080 °C to 1200 °C oxide 
film voltage resistance after device heat treatment 
improveswith decrease ofo^Q'gea precipitate size, these 
inventors silicon single crystal which is being produced regarding 
to methodwhich gradual cooling is done with a certain crystal 
temperature region, when wost gradual cooling temperature 
isinside tenperature region of 850 °C to 1200 °C, discovered 
feet that oxide film voltage resistanceafter device heat 
treatmait improves. Furthermore w4ien cooling rate with 
tenperature region of T +/- 1 00 °C is designatedas 1 .0 °C per 
minute or less, fi-om oxide film voltage resistance improving 
you understood. 
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[Working Exanple(s)] listing Working Exanple of this invaiti 
on below, you e)q)lain, but this invention it isnot something 
\^4iich is restricted by statement of these Working Exanple. 

[0020] Working Exanple 1 

As for silicon single crystal production equiprrmt being used for 
this invention, if it is something which isused for siUcon single 
crystal production usually due to CZ method, it was 
notsomething >\iiich especially is limited, with this working 
example, kind o^oduction equipment which is shovm in Figure 
2 wasiised. 

[0021] This CZ silicon single crystal production equipment cmc 
ible 26 which is formed fcasn quartz crucible 26a which 
accomnwdatesthe silicon melt M and graphite crucible 26b 
which protects this is crystal pulling upfiimace 21 which 
accommodates silicon single crystal ingpt S whidi was reared. 
In order to prevent feet that heat from heater 24 and heater 
lAescapes to crystal pulling up fiunace outside in side surfece 
part of crudble 26, inorder for insulating part material 23 to 
surround, being installed, to be, As this crudble 26 is connected 
by driver and rotating stage 25 wiiich are notillustrated, turns 
with specified speed by this driver, in order to si5)plythe feet 
that silicon melt surfece decreases attendant i^)on decrease of 
thesilicon melt inside cmdble 26 it has reached point w4iere 
ascent anddescent it does cmcible 26. Pulling up 7. 27 
v^diich hangs is installed inside thq)ulling up fiunace 21, chuck 
29 vs^ich keeps seed crystal 28 is provided in thebottom end of 
this Y. T 27. As for top end of this pulling up \7 27, being 
retracted inthe wire hoist 22, pulling up equipment wliich 
reaches pointwfaere it pulls up sihcon single crystal in^t is 
provided. And, it pulls up and, pulls up inside fiimace 21 and Ar 
gas isintroduced from g?s inlet 30 which was formed to fiunace 
21, pulls andinside fiunace 21 drculating, is discharged fixxm 
g3s outlet port 31. This way Ar gas is in order to try not to mix 
SiO which pullsup feet that it circulates, attendant upon melting 
siUcon andoccurs inside fiunace 2 1 in with of silicon melt. It 
pullsup temperatiue control equipment 40 and inside fiunace 
21 it installs in order thegradual cooling to do crystal. As 
temperature control equipment 40, in order to surroiuid sihcon 
single crystal which is produced, fliegrephite or other insulating 
heat retaining material and heater etc which are installed are 
effective. 

[0022] Using this equipment, it produced siUcon single crystal o 
f plural with conditionbelow . Most gradual cooling 
temperature of these crystal in each case, has gone into 
tenpoature regim ofihe 850 °C to 1200 ''C, at same time 
each crystal cooling rate of tenperature region of fheT +/- 100 
is not 1 .0 °C per minute or less always. 

[0023] Manxifecturing condition etc of sihcon single crystal ing 
ot of plural which was reared with thiscondition was shown in 
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Table 2. 
[0024] 
[Table 2] 
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[0025] ft measured oxide film voltage resistance after device fli 
emial processing of wafer which it startscutting from this ingot, 
showed in Figure 3. When current density which flows through 
oxidized fihnofthese silicon wafer is thel jxA/cnC, relative (A 
mode ratio ) which is occupied in total number of number oflhe 
MOS diode wdiere even electric field vMch depmds on said 
oxidized film shows belowthe 4.0M V/cm in each case is under 3 
%, wafer which is quarriedout from siUcon single crystal ingot 
wliich is produced with method of this invention hasshown feet 
that it has possessed satis&ctory oxide film voltage resistance. 

[0026] Working Example 2 

Making use of equipment of Working Example 1 , siUcm single 
crystal ofpluralwasproduced with condition below . Most 
gradual cooling tenperature of these crystal in each case, has 
gone into temperature region oflhe 850 °C to 1200 °C, at 
same time eadi crystal cooling rate of temperature region of 
theT+A 100°Cis 1.0 °C per minute or less ahvays. 

[0027] Manufecturing condition etc of sihcon single crystal ing 
ot of plural which was reared with thiscondition was shown in 
Table 3. 
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[0029] It measured oxide film voltage resistance after device th 
ermal processing of wafo* vMch it startscutting fi-om this ingot, 
show«iin Figure 4. When current density which flows through 
oxidized film of these silicon wafer is thel )jA/cm2, relative (A 
mode ratio ) which is occupied in total number of number offlie 
MOS diode w^ere even electric field which depends on said 
oxidized film shows belowthe 4,0M V/cm in each case is under 3 
%, wafer ^diich is quarriedout &om silicon single crystal ingot 
wiiich is produced with method of this invention hasshown feet 
that it has possessed satis&ctoiy oxide film voltagp resistance. 

[0030] Comparative Example 1 

With this Comparative Example, silicon single crystal of plural 
was produced with conditionbelow making use of equipment of 
Working Exanple 1 , Most gradual cooling tenperature of 
these crystal none, has gone into tenperature region of the850 
°C to 1200 °C, at same time each crystal cooling rate of 
temperature region of T +/- 100 °Cis not 1.0 °C per minute or 
less always. 

[003 1 ] Manu&cturing condition etc of silicon singfle crystal ing 
ot of plural which was reared with thiscondition was shown in 
Table 4. 
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[0033] It measured oxide film voltage resistance after device th 
ermal processing of wafer which it startscutting from this ingot, 
showed in Figure 5, Whai current density which flows throu^ 
oxidized film of these sihcon wafer is thel joA/cnC, relative (A 
mode ratio ) which is occiQ)ied in total number of number ofthe 
MOS diode A^diere even electric field \^diich dq)ends on said 
oxidized film shows belowthe 4.0M V/cm in each case is 3 % or 
hi^er, 6ct that oxide fihn voltage resistance is notsatisfectory 
has been shown. 
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[0034] Conparative Exanple 2 

With this Comparative Exanple, silicon single crystal of plural 
was produced with conditionbelow making use of equipmait of 
Working Exanple 1 . Most gradual cooling toiperature of 
these crystal none, has gone into tetiperature region of the850 
°C to 1 200 °C, at same time each crystal cooling rate of 
tenperature region of T+/- lOOXis 1.0 °C per minute or less 
always. 

[0035] Manufecturing condition etc of sihcon single crystal ing 
ot of plural which was reared with thiscondition was shown in 
Tables. 
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[0037] ft measured oxide film voltagq resistance after device th 
emial processing of wafer \\4iich it startscutting fi-om this ingpt, 
showed in FigMre6. Whaicuirmt density v^ch flows throu^ 
oxidized fihn of these silicon wafer is thel |jA/cm2, relative (A 
mode ratio ) which is occupied in total number of number offihe 
MOS diode where even electric field wdiich depends on said 
oxidized film shows belowthe 4.0M V/cm in each case is 3 % or 
hi^er, &ct that oxide film voltage resistance is notsatis&ctoiy 
has been shown. 
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[0038] 

[Effects of the Invention] As for siUcon single aystal due to siU 
con single crystal of this invention or manu&cturing method of 
thethis invention, because it is superior in oxide film voltage 
resistance after device characteristic and theespecially device 
themial processing, as for MOS device use wafer it is suited for 
device whichfijcm first possesses various structure. 
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[Brief £7q)lanation of the Drawing(s)] 

[Figure 1] ft is a partial cross section figure of MOS diode vMc 
h is mounted in order tO£q>praise voltage resistance 
characteristic of insulating oxidized fihn of silicon single crystal 
with conventional method. 

[Figure2] ft is a concq)tual diagram ofCZmeOiod silicon singi 
e crystal production equipment which is used for Working 
Exanple of this invention. 

[Figure 3] ft is a figure vAnch shows oxide film voltage resistan 
ce after device thoinal processing of crystal ofthe plural of 
Working Exanple 1 of this invention. 
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[Figure 4] It is a figure wiiich shows oxide film voltage resistan 
ce after device thermal processing of crystal oflhe plural of 
Working Exanple 2 of tiiis invention. 

[Figure 5] It is a figure which shows oxide fihn voltage resistan 
ce after device thermal processing of crystal oflhe plural of 
Conparative Example 1. 

[Figure 6] ft is a figure \^ch shows oxide fihn voltage resistan 
ce after device theamal processing of crystal oflhe plural of 
Comparative Example 2. 

[E?q)lanation of Reference Signs in Drawings] 

1... silicon wafer , 2... silicon oxide manbrane (insulatin 
g oxidized film), 3... aluminum membrane , 4... 
polycrystalline sihcon , 5... 2 layers g9te electrode and 21 ... 
crystal pulling up fiimace (CZ method silicon single crystal 
prxxiuction equipment), 22... \7hoist, 23... 
insulating part material, 24... heater , 25... rotating 
stagp , 26... oucible , 26a,.. quartz cmcible , 26b... 
gr^hite crucible and 27.. .pulling up \7, 28... seed 
crystal , 29... chuck , 30... gas inlet , 31 ... dqx)sit 

outlet , 40... temperature control equipment (crystal 

gradual coohng equipment), M... silicon melt and S... 
sihcon singile crystal ingot . 

[Figure 1] 
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